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COMMUNICATION DEVICE PLANE HAVING A HIGH-SPEED BUS 



5 

FIELD OF INVENTION 

The present invention relates to communication 
systems, and more particularly to the arrangement of 
10 input /output and processing cards in relation to switch 
cards on a plane. 



15 BACKGROUND OF THE INVENTION 

Communication systems have traditionally been built 
around an arrangement in which Access and Processing 
Modules (APMs) occupy the same physical shelf. APMs are 

2 0 typically input/output cards with some processing 

capabilities. These APMs are linked together by a high 
speed, common parallel bus (shared bus) on a backplane 
having a high number of lines. 

25 The backplane generally accepts APMs via slot 

connectors in order to connect them to other parts of the 
system. Motherboards on modern personal computers can be 
considered to-be a general equivalent to backplanes in 
communication systems. Backplanes also typically 

30 distribute power to each module connected thereto. 

Backplanes are often described as being either active 
or passive. Active backplanes contain, in addition to the 
sockets or slot connectors, logical circuitry that performs 

3 5 computing functions. In contrast, passive backplanes 

contain almost no computing circuitry. In high reliability 
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environments, passive backplanes are generally preferred to 
active backplanes. 

Modern day high performance systems have dictated 
steadily increasing performance requirements. As such, 
backplane arrangements have evolved so as to incorporate a 
switching core linking the APMs . In such an arrangement, 
dedicated, very high-speed serial links are used between 
the APMs and the switching core. 

The functions of the switching core linking the APMs 
are typically put on one or more Switch Modules (SWMs) . 
Implementations employing SWMs have made it easier to 
repair faulty components and to upgrade to newer and better 
components. However, the number of serial connections out 
of each APM to each SWM in such an implementation has 
skyrocketed. 

At the same time, to push densities further, there is 
a recent tendency away from the use of a single sided shelf 
employing a standard backplane. More and more dual sided 
shelves are being used which employ a midplane organization 
rather the single-sided backplane. Although discussions in 
this document will concentrate on midplanes, it is to be 
understood that such discussions apply equally to a single 
sided shelf with a conventional backplane. 

With these increasing densities and the increasing 
number of serial connections in high performance systems, 
it would be ideal if one could simply increase the size of 
the midplane indefinitely. However, there are some 
constraints that prevent this indefinite increase of 
midplane size. Firstly, at very high speeds (2.5Gbps and 
more) , differential electrical serial links can only travel 
a limited distance before attenuation increases error rates 
beyond control and signal integrity is seriously impacted. 
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As such, there is a physical limit on the length of the 
serial link imposed by electrical transmission 
characteristics . 

5 Secondly, manufacturing economics make it very 

difficult to increase the size of both APMs and SWMs on one 
hand, and the midplane itself on the other hand. When a 
certain size is reached in any of these cases, 
manufacturing yields decrease and costs increase, making it 
10 unreasonable to pursue an increased physical size. 

Additionally, the APMs and SWMs connected to a 
midplane have a large number of very fine pitch active 
devices that need soldering. The high precision soldering 

15 equipment used for active APM and SWM assembly can only 
accommodate boards of limited maximum board dimension when 
compared with the capacity of equipment used to press fit 
connectors onto passive backplanes. Consequently, 
practical board dimensions are smaller for active circuit 

20 packs than for passive backplanes. Also, SWMs typically 
require many more midplane connections than APMs. As such, 
it is somewhat difficult to accommodate both types of 
modules in a single midplane. Furthermore, in a recent 
design (year 2 000) , economic limits were approached on a 

25 36" tall by 23" wide midplane, and 22" tall APM and SWM. 

Therefore, there is a need to provide an arrangement 
that will overcome the drawbacks of the prior art and 
permit the connection of APMs and SWMs in such a way that 
3 0 the higher performance requirements of modern high-speed 
communication systems may be achieved. 



35 
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SUMMARY OF INVENTION 

It is an object of the invention to reduce high-speed 
track lengths in a backplane or midplane . 

It is another object of the invention to simplify high 
speed track routing by having almost only horizontal tracks 
on the midplane, thus reducing crossing over. 

It is a further object of the invention to provide a 
smaller midplane, thus reducing costs. 

It is a still further object of the invention to 
permit the reuse of APM cards on top and bottom of a 
midplane (if they are designed to allow for rotation) by 
providing symmetry around a raid section of the midplane. 

An "H layout" according to the present invention 
affords a smaller, simpler, less expensive and higher 
performance midplane. The layout is based on the concept 
of symmetry around a mid- section. 

According to an aspect of the invention, there is 
provided a communication device having a high speed bus for 
connecting a plurality of modules, said device comprising: 
a first plurality of connectors for receiving a first 
plurality of modules, said first plurality of connectors 
being arranged parallel to each other and to the length of 
said device, and being mounted to said communication device 
substantially in a center portion thereof and each 
extending so as to substantially cover the length of said 
device; a second plurality of connectors for receiving a 
second plurality of modules, said second plurality of 
connectors being parallel to said first plurality of 
connectors and being mounted to said communication device 
on either side of said center portion in rows such that 
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more than one of said second plurality of modules may be 
received in each of said rows. 

A particular embodiment of the present invention 
5 improves on the first aspect of the invention by further 
comprising a third plurality of connectors for receiving a 
third plurality of modules, said third plurality of 
connectors being arranged such that they are co- linear with 
said first plurality of modules. 

10 

In a backplane/mi dplane layout according to the 
present invention, all high-speed tracks are advantageously 
concentrated in the center of the midplane. Top and bottom 
connectors on the midplane may be staggered so as to permit 
15 very high module densities. 

The present invention also permits the achievement of 
very high external connection densities (such as those 
typical of fiber optics) while maintaining manageable 

20 finger access. This is enabled as there are 8 exit points 
for wiring, each one having to support a low number of APMs 
(top-left, top-right, bottom-left, bottom-right for both 
front and back of shelf) . The ability to rotate the APMs 
also eases cabling exit to the top for top APMs, and to the 

2 5 bottom for bottom APMs. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention will be further 
described with reference to the accompanying drawings, in 
which: 

Figure 1 illustrates diagrammat ically a front view of a 
shelf layout according to an embodiment of the 
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present invention; 

Figure 2 illustrates a view of a dual sided shelf 
employing the layout of Figure 1 showing in 
broken lines elements on the back that would 
normally be hidden; 

Figure 3 illustrates another embodiment of the present 
invention that permits the connection of 
additional modules in a modified "H" layout; 

Figure 4 illustrates a front view of a backplane /midplane 
according to a first exemplary embodiment of the 
present invention; 

Figure 5 illustrates an end view of a midplane according 
to Figure 4 ; 

Figure 6 illustrates an elevation view of one side 
("front") of a midplane according to a second 
exemplary embodiment of the present invention; 

Figure 7 illustrates an elevation view of the other side 
("back") of the midplane of Figure 6; 

Figure 8 illustrates a cross- sectional view along the line 
C— C of Figure 6 ; and 

Figure 9 illustrates a cross-sectional view along the line 
D— D of Figure 6 . 
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DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 illustrates diagrammat ically a front view of 
a shelf layout according to an embodiment of the present 
invention, hidden parts being shown in broken lines. It is 
to be noted that Figure 1 may be regarded as either 
illustrating a front view of an "H" layout on a single 
sided backplane, or as illustrating a front view of one 
side of a dual sided shelf implementing the "H" layout 
according to the present invention. 

In the "H" layout of Figure 1, SWMs 120 are centered 
on midplane/backplane 110, whereas APMs 130 occupy the 
outside areas. Each SWM 120 is connected to the midplane 
110 by means of SWM connectors 14 0 which are disposed along 
the center of the midplane. The SWM connectors 140 are 
preferably arranged parallel to each other and extend along 
substantially the entire length of the midplane 110. Each 
APM 13 0 is connected to the midplane 110 by means of APM 
connectors 150 that are disposed along the outside areas of 
the midplane in a specific layout. In a preferred 
embodiment, both the SWM connectors 14 0 and the APM 
connectors 150 are slot connectors. 

The SWMs 12 0 require connection to connectors 14 0 
along the entire length of the SWM module. The APMs 13 0, 
on the other hand, only require connection on a portion of 
the module, usually concentrated at one end thereof. This 
property makes it possible to arrange the APMs 13 0 in a 
dual row organization, i.e. two APMs may be inserted on a 
single row of connectors on midplane 110. 

In a preferred embodiment, the midplane 110 is 
constructed such that its length, L, is shorter than twice 
the length of an APM. As such, APMs may be installed in 
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either a top row or a bottom row of APMs . Also in a 
preferred embodiment, the connectors 150 may be arranged in 
such a way that APMs 13 0 may be rotated 18 0 degrees and 
moved from the top row to the bottom row. Thus, for 
example as in Figure 1, the connectors 150 are staggered on 
the midplane in order to facilitate the rotation of the 
APMs 13 0 between the top row and the bottom row. 

It can be seen from Figure 1 that routing is short and 
very clean. The midplane implements mostly horizontal 
tracks (not shown in Figure 1) to connect the APMs and SWMs 
together, while the APMs and SWMs themselves hold mostly 
vertical tracks. The longest midplane track length is from 
the outermost APM to opposite outermost SWM. This track 
length is typically 2/3 to 3/4 of the midplane width, 
depending on the APM/SWM ratio of the particular card. 

Figure 2 illustrates a view of a dual sided shelf 
midplane employing the "H" layout according to an 
embodiment of the present invention. In the figure, 
front side module connectors 210 are shown in solid lines, 
while backside module connectors 220 are shown in broken 
lines. The frontside module connectors 210 are used to 
receive the APMs and SWMs connected to one side of the dual 
sided midplane, while the backside module connectors 22 0 
receive the APMs and SWMs connected to the other side of 
the dual sided midplane. It is to be noted that the same 
APMs can be used either on the frontside or the backside of 
the midplane by rotating them. The improved "H" layout 
also permits these APMs to be used in either the top or 
bottom rows on either of the frontside or backside because 
the connectors are offset to one side of the pack, allowing 
for back-to-back mounting. It is evident from Figure 2 that 
the "H" layout of the present invention not only 
advantageously provides short track lengths, but it also 
provides an optimal use of the physical space available for 
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connecting modules to a raidplane/backplane . 

Figure 3 illustrates another embodiment of the present 
invention that permits the connection of additional 
function modules or cards in a modified '"H" layout, hidden 
parts being shown in broken lines. This modified "H" 
layout has all of the advantages that permit the connection 
of SWMs and APMs according to the embodiment shown in 
Figure 1. However, the modified layout of Figure 4 further 
permits the connection of additional function modules 
(AFMs) . 

In this embodiment, the midplane/backplane 110 is 
constructed such that its length, L, is slightly longer 
than the length of an SWM. Additional module connectors 
340 are disposed on the midplane 110 in the same row as the 
module connectors for receiving the SWMs. As such, it is 
possible to connect the AFMs 310 to the midplane 110 in 
line with the SWMs. 

This arrangement permits the efficient use of "'gaps" 
that existed in the "H" layout of Figure 1. These gaps had 
resulted from the fact that the APMs extended beyond the 
midplane length while the SWMs did not. The AFMs 310 thus 
fill the gaps with a very modest increase in midplane size 
over the "H" layout in Figure 1. The AFMs 310 may be used, 
for example, in providing shelf processors, telemetry and 
other functions. This modified "H" layout also provides 
short tracking distances from AFMs 310 to the SWMs. 

Figures 4-9 illustrate three exemplary embodiments of 
the present invention. 

Figure 4 illustrates a front view of a backplane/ 
midplane according to a first exemplary embodiment of the 
present invention. This first exemplary embodiment shows a 
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conf iguration that includes connectors for receiving four 
SWMs, eight APMs (four on each side of the SWMs) and eight 
AFMs . 

5 Figure 5 illustrates an end view of a midplane 

according to Figure 4 . This view shows an example of the 
staggered configuration that may be used in accordance with 
the present invention. In this end view, the AFM 
connectors block the view of any SWM connectors that may be 

10 provided in the configuration. Thus, in this second 
exemplary embodiment, the top of the midplane shows a 
configuration that includes connectors for receiving five 
AFMs and four APMs (two on each side of the AFMs) . The 
bottom of the midplane shows a configuration that includes 

15 connectors for receiving four AFMs and five APMs (two on 
one side of the AFMs, and three on the other side) . As 
such, it is demonstrated that there is no requirement for 
similarity of configurations on either side of a midplane 
according to the present invention. 

20 

Figure 6 illustrates an elevation view of one side 
("front") of a midplane according to a second exemplary 
embodiment of the present invention. This second exemplary 
embodiment shows the SWMs, APMs and AFMs connected to the 
25 midplane. The side shown in Figure 6 illustrates a 
configuration that includes five SWMs, eight APMs (four on 
each side of the SWMs) , and ten AFMs (five at either end of 
the SWMs) . 

30 Figure 7 illustrates an elevation view of the other 

side ("back") of the midplane of Figure 6. The side shown 
in Figure 7 illustrates a configuration that includes four 
SWMs, ten APMs (four on one side of the SWMs, and six on 
the other side) , and eight AFMs (four at either end of the 

35 SWMs) . Once again, this third exemplary embodiment 
illustrates that the configurations of the different types 
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of modules may be different configurations on either side 
of a midplane according to the present invention. 

Figures 8 and 9 illustrate cross -sectional views along 
5 the lines C-C and D— D, respectively, of Figure 6. These 
cross-sectional views provide an illustration of a 
practical implementation of the third exemplary embodiment. 
These views show the advantageous provision of faceplates 
and structural cross -members in order to provide structural 
10 integrity once the modules are connected to the midplane in 
their respective locations. 



